Abstract Pathological classification of lymphomas can be difficult. The aim of the present study was to evaluate the value of referring cases to a pathology panel. All patients diagnosed with a primary lymphoma in 2000 or 2001 were selected from the regional population-based cancer registry. A panel of at least three expert pathologists reviewed all pathological diagnoses in joint sessions using a multiheaded microscope. The discordance between the initial diagnosis and the expert panel was determined. In addition, survival analyses were done. The discordance rate between the initial and panel diagnosis was 14 %. For cases actively referred to the panel (N =161), the discordance rate was 11 versus 16 % for cases not actively referred to the panel (N =183); however, this difference is not statistically significant. There was no statistically significant difference in survival between patients with a concordant diagnosis compared to patients with a discordant diagnosis, but there are differences in the types of lymphomas between these. This population-based study showed that the expert panel changed the diagnosis in almost one of seven lymphoma diagnoses. The diagnoses of cases not actively referred were not significantly less often changed compared to those from cases actively referred. This indicates that the percentage of discordant cases was not increased by referral bias. We conclude that referral of lymphoma cases to a diagnostic panel results in improved diagnosis.
Introduction
Cancers arising from lymphocytes are a heterogeneous group of malignancies with various clinical and biological features. According to the World Health Organization (WHO) classification of hematopoietic and lymphoid tissue fourth edition [1] , the lymphoid cancers are divided into precursor, mature B cell (Hodgkin and non-Hodgkin lymphoma) and mature T and NK cell neoplasms. Based on clinical features, histopathology, immunophenotype and genetic criteria, these main diagnostic groups are further subdivided into a large variety of separate entities. This classification was introduced in 2001 (and revised in 2008) after a decade with numerous clinical and pathologic schemes used to classify lymphomas and lymphoid leukemias [2, 3] .
For optimal patient management, it is important to classify lymphomas correctly and according to the latest classification, but this is a complex process [1, 4, 5] . Histologic sections and immunostains must be of high quality, and considerable knowledge on and experience with the pathology of lymphoproliferations is required. In addition, molecular and cytogenetic tests have to be available to identify several subtypes of lymphoma [1, 6] . Earlier studies have shown that interobserver disagreement in classifying lymphoma exists (6-32 %) even between expert hemato-pathologists [4] [5] [6] [7] [8] [9] . Revision of diagnoses by a panel of pathologists performed in various countries showed that the lowest rate of discordance was found for diffuse large B cell lymphoma and nodular sclerosis classical Hodgkin lymphoma whereas the highest discordance was reported for follicular lymphoma grade III because of the difficulties with grading of follicular lymphomas [4, [7] [8] [9] .
In 2000, in the Eastern part of the Netherlands, a lymphoma panel of expert pathologists was initiated to review the pathology from patients with a primary lymphoma diagnosis. The panel was installed to standardize and improve the pathological classification of lymphomas in this part of the country. The aim of the present study was to evaluate the value of this pathology panel. Discordance rates between the diagnoses of the initial pathologists and the expert panel were determined, and the effect of discordant diagnoses on survival was evaluated.
Material and methods

Study population and data collection
Patients with malignant lymphoma were identified through the regional population-based cancer registry in the eastern part of the Netherlands. All patients diagnosed with a primary lymphoma diagnosed between January 1, 2000 and December 31, 2001, in one of seven hospitals within the catchment area was selected. Date of initial diagnosis, date of birth, gender, pathological diagnosis and vital status were retrieved from the cancer registry. Follow-up concerning vital status was completed by annual linkage to the nationwide municipality network (GBA), which stores information on all Dutch inhabitants including vital status.
Three pathology laboratories, including one academic, performed the original diagnoses of all patients from the abovementioned seven hospitals. The pathology panel consists of at least three pathologists with special training in haematopathology, one pathologist per pathology laboratory. Thus, sometimes, the pathologist who made the initial diagnosis reviewed his or her own case, but then the two other experts of the panel confirmed or rejected the initial diagnosis. At a multiheaded microscope, all original slides stained with haematoxylin and eosin and the immunohistochemical stained sections were reviewed once every other week. Clinical information on age, location of biopsy and clinical and pathological history of the patient was available for the panel from the hospital of first diagnosis. After simultaneous review by all expert pathologists, a consensus diagnosis was formulated; occasionally, further tests were ordered after which the case was reviewed again. The final classification was not based on voting, but agreed by reconciliation. Feedback concerning the discordant cases was given to the initial pathologist. Cases referred to one of the two haematopathologists in the academic centre for consultation before review in the expert panel were excluded from this study.
More than 30 different lymphoma entities following the WHO classification were included in this study ( Table 1) . We categorized these different entities into 17 lymphoma groups. The groups were defined as B lymphoblastic lymphoma (B LBL), chronic lymphocytic leukaemia/small lymphocytic lymphoma (CLL), lymphoplasmacytic lymphoma (LPL), plasmacytoma (PC), marginal zone lymphoma (MZL), follicular lymphoma grades I and II (FL 1-2), follicular lymphoma grade III (FL 3), mantle cell lymphoma (MCL), diffuse large B cell lymphoma (DLBCL), Burkitt lymphoma (BL), T cell and NK cell lymphomas (TCL), nodular lymphocyte predominant Hodgkin lymphoma (NLPHL), classical Hodgkin lymphoma (CHL), lymphoproliferative disease associated with immunodeficiency (LPD IDA), lymphoma with transformation (lymphoma with a low-grade and high-grade component) (LT), low-grade lymphoma not otherwise specified (LL NOS) and lymphomas not otherwise specified (L NOS). When the panel diagnosis resulted in a different group compared to the initial diagnosis, we considered this as a relevant change and as a discordant diagnosis. The definition of these groups (Table 1) was discussed within the panel and evaluated by haematologists. They concluded that relevant changes (i.e. discordant diagnoses/changes between groups) were defined as changes with consequences for additional diagnostic procedures, therapy or prognosis. Discordant diagnoses included alterations in type of lymphoma, for example, Hodgkin lymphoma to non-Hodgkin lymphoma or in histological subtypes, e.g. chronic lymphocytic leukaemia to follicular lymphoma but also changes in the grade of follicular lymphoma or when one of the two diagnoses was not specific (see Table 3 for other changes between groups). A change in subtype within the group of diffuse large B cell lymphoma or the group of classical Hodgkin lymphoma was not considered a relevant change because this would not result in alterations in additional diagnostics, treatment and prognosis.
The pathology reviews were performed at different moments in time. A part of the cases was actively referred by the initial pathologist to the pathology panel. Another part of the cases was initially not referred to the panel, and the biopsies of these patients were revised by the panel members for the present study. Although this review was almost 10 years after the initial diagnosis, no markers or criteria were used that were introduced in the mean time. The selection of cases that were actively referred to the panel was up to the referring pathologists and differs between the three pathology laboratories. Reasons for referring a case could be a difficult diagnosis or a special interest in haematology, and therefore, more awareness of the panel or interest in the opinion of the expert panel or policy of the pathology laboratory to send in all cases.
Patients with a cutaneous lymphoma were excluded because in the Netherlands, these patients are being reviewed in a national panel. Patients diagnosed at autopsy, patients of whom only a fine needle aspiration was available and patients of whom no pathology tissue could be retrieved were also excluded from this study.
Statistical analyses
Descriptive analyses were performed to characterize the study population. The discordance rate between initial and panel diagnosis was calculated. The κ statistic, which represents the extent of agreement beyond that expected by chance, and the 95 % confidence interval around this statistic was calculated [10] . The discordance rate was stratified to cases referred and cases not referred to the panel and histological subtype.
Follow-up time of all patients was calculated as time between date of initial diagnosis and date of death or date of end of study or data of end of follow-up. Overall survival was estimated with the Kaplan-Meier method, and survival curves were compared with the log-rank test. Overall survival was analyzed according to discordance/concordance and in the two subgroups (patients referred and patients not referred). All analyses were performed with SPSS 14.0 and SAS V8.2.
Results
In the period 2000 and 2001, 391 patients were diagnosed with a primary malignant lymphoma. Pathology tissue from 40 patients could not be retrieved; in four patients, the tumour appeared to be diagnosed at autopsy, and in three patients, only a fine needle aspiration was available; these patients were excluded. The date of panel review could not be retrieved for nine patients.
A description of the 344 patients and their tumour characteristics is presented in Table 2 . Pathology laboratory B, serving three hospitals, was the largest laboratory and performed the diagnoses of 55 % of all patients. Forty-seven percent of all cases were actively referred to the panel. The most common lymphoma type diagnosed by the panel was diffuse large B cell lymphoma (32 %). Lymphoma types were more or less similar in actively referred and not referred patients (Table 2) .
In 47 patients (actively referred plus not referred), the initial diagnosis made by the referring pathologist was different from the panel diagnosis (discordance rate of 14 %; kappa=0.84; 95 % CI, 0.78-0.89) ( Table 3 ). The discordance rate was different for cases actively referred to the panel and cases not referred to the panel (11 vs. 16 %, respectively), although not statistically significant. The most frequent panel subtype diagnoses that were initially not correctly classified were FL 3 (Table 4) . Discordance rate varied between 11 and 23 % between laboratories.
The characteristics of patients with a discordant diagnosis were different from patients with a concordant diagnosis. Patients with a discordant diagnosis were older (median age of 68 vs. 63), and the distribution of NHL subtypes was different: less DLBCL (9 vs. 36 %), more LL NOS (9 vs. 2 %), more FL 3 (11 vs. 3 %), less TCL (0 vs. 7 %), less HL (4 vs. 12 %) and more L NOS (23 vs. 2 %).
In Fig. 1 , the overall survival of patients with a concordant versus discordant diagnosis is presented. There was no statistically significant difference in survival between patients with a concordant diagnosis compared to patients with a discordant diagnosis [5-year survival 48 % (95 % CI 42-53 %) vs. 53 % (95 % CI 39-67 %)]. Five-year survival of 47 % for patients actively referred and 50 % for patients not actively referred to the panel. Referred patients with a discordant diagnosis seem to have a lower but not significant survival than not referred patients (Fig. 2) .
Discussion
Our population-based study showed that in 14 % of all lymphoma cases, the original diagnosis of the referring pathologist differed from the diagnosis made by the panel of expert pathologists. For cases actively referred to the panel (47 %), the discordance rate was 11 versus 16 % for cases not actively referred to the panel; this was however not statistically significant. The majority of lymphomas not correctly classified by the referring pathologist included follicular lymphomas grade III, lymphomas with both low-and high-grade component, low-grade lymphoma not otherwise specified and lymphomas not otherwise specified. There was no statistically significant difference in survival between patients with a concordant diagnosis compared to patients with a discordant diagnosis.
The discordance rate reported in our study was similar to rates observed in other studies. For example, the International Lymphoma Study Group (ILSG) started in 1997 the nonHodgkin's Lymphoma Classification Project to determine the intraobserver reproducibility of the new classification of non-Hodgkin's lymphoma (NHL) of patients' diagnoses in 1988-1990 in eight countries [4] . They concluded that when expert pathologists work from clear and agreed upon criteria, the diagnosis of NHL can be at least 85 % accurate for most of the common types. Since then, the following studies reported on expert panels reviewing lymphoma diagnosis in their region. In Wales, a panel reviewing NHL patients diagnosed in 1998-2000 resulted in a discordance rate of 17 % [5] . A panel reviewing NHL patients diagnosed in 2000 in India resulted in an 18 % discordance rate [6] . In the USA, a study including only the five most common B cell NHL resulted in a lower discordance rate of 6 %, studying patients diagnosed in 2000-2004 [7] . Next to the fact that only five B cell NHL were included in the review process, different grading of follicular lymphoma was not considered discordant in this study, which probably accounts for the lower discordance rate in this study compared to our study. The North Central London Lymphoma network observed the discordance between referred diagnosis and expert diagnosis of NHL patient diagnosed between 2003 and 2008; the discordance improved significantly between 2003 and 2008 (32 to 13 %) [11] . This could indicate that feedback of the panel towards initial pathologists on discordant diagnosis improves the original diagnosis in the following years. This finding was also mentioned by the 1  7  10  Total  1  12  1  2  25  38  15  15  111  8  20  6  38  15  10  9  18  344   % Discordance  0  17  0  0  16  8  33  0  4  13  0  0  5  13  90  44  61  14 Kappa is 0.84 B LBL B lymphoblastic lymphoma, CLL chronic lymphocytic leukaemia/small lymphocytic lymphoma, LPL lymphoplasmacytic lymphoma, PC plasmacytoma, MZL marginal zone lymphoma, FL 1-2 follicular lymphoma grades I and II, FL 3 follicular lymphoma grade III, MCL mantle cell lymphoma, DLBCL diffuse large B cell lymphoma, BL Burkitt lymphoma, TCL T cell and NK cell lymphomas, NLPHL nodular lymphocyte predominant Hodgkin lymphoma, CHL classical Hodgkin lymphoma, LPD IDA lymphoproliferative disease associated with immunodeficiency, LT lymphoma with transformation (lymphoma with a low-grade and high-grade component), LL NOS low-grade lymphoma not otherwise specified, L NOS lymphomas not otherwise specified Fig. 1 Overall survival of lymphoma patients by concordant/discordant diagnoses participating pathologists in our region and will be investigated in further research.
The discordance rate in our study varied between NHL subtypes; follicular lymphomas grade III and lymphomas with both high-and low-grade aspects were more difficult to classify. Grading follicular lymphoma is problematical because it is difficult to estimate the number of centroblasts and centrocytes per high-power field. In our study, nine cases with a primary diagnosis of low-grade lymphoma or DLBCL were found in which the panel reported components of both low-and highgrade lymphoma. In these cases, the panel concluded transformed lymphoma. As patients with a transformed lymphoma have a worse prognosis compared to low-grade lymphoma or primary DLBCL, it is important to classify these as discordant diagnoses. More precise definition of mantle cell zone B cell and Burkitt lymphomas nowadays may have resulted in the better concordance in our study for these subtypes than in the ILSG study [37 vs. 16 % (p =0.05) and 47 vs. 13 % (p =0.1)] [4] . In our study, we had no technical problems with cyclin D1 and CD5 immunostaining, which resulted in a statistically significant lower discordance rate in mantle cell lymphoma (0 %) than in the study performed in India (30 %) (p =0.03) [4, 6] .
In our study, all lymphoma cases diagnosed in 2000 and 2001 were reviewed by the panel, although some were excluded from the study because they had been sent for consultation before panel review. However, ideally, in order to reduce the workload of the expert panel and target pathology review to patients who most likely will benefit from it, only cases difficult to classify should be reviewed. We did not know the reasons of the initial pathologists for referring a case to the panel. We assumed that pathologists did not refer a case less often to the panel when they considered the biopsy to be "difficult" to diagnose. Nevertheless, biopsies from patients actively referred to the panel showed a lower discordance rate, compared to the cases not actively referred, although the difference was not significant. This could be caused by the special interest in haematology of some of the initial pathologists who would be more interested in and more aware of the opinion of the expert or perhaps because of differences between laboratories in the policy of referral. To our knowledge, the distinction between referred and not referred lymphoma cases was not made in earlier studies. Even though we cannot reconstruct the reason for not referring a case to the panel, this finding shows that the percentage discordant cases in the panel are not increased by referral bias.
Accurate pathological diagnosis is the essential first step in formulating appropriate treatment strategies. Our study indicates that a panel review was discordant in almost one out of every seven patients, but we did not study whether this actually resulted in different therapy. The study performed in Wales showed that in 46 % of the patients with a discordant diagnosis, therapy was changed [5] .
In our study, survival of patients with a discordant diagnosis was not statistically significant different from survival of patients with a concordant diagnosis. We expected that patients with a discordant case probably would have had a worse survival due to suboptimal treatment. However, it is important to realize that the discordant and concordant cases had diverse clinical variables and diagnoses, e.g. different proportion of lymphoma subtypes and a difference in the age distribution, which both affects the survival of lymphoma patients. In addition, seven out of ten lymphomas with a final diagnosis of transformed (composite) lymphoma had an original diagnosis of DLBCL rather than a low-grade lymphoma. Furthermore, other clinical elements (e.g. IPI) were not included in this study. The result that the lowest survival rate was seen in cases actively referred could imply that the referring pathologist knew which cases needed second opinions before initiating therapy, and thus, sent them early for expert review.
Our study had a few limitations that require consideration. The small number of patients per lymphoma subtype limited detailed (survival) analyses by lymphoma subtypes. We expect that the discrepancy and/or delay on a low-grade diagnosis will not have the same impact as a discrepant diagnosis in a high-grade case, but numbers were too limited to show this. Secondly, we did not collect information on the actual therapy received by the patients nor the real change in therapy after the panel diagnosis. Thirdly, only patients with a malignant lymphoma were included in the study. Therefore, patients suspected to have a lymphoma who appeared to have another cancer or no cancer at all were excluded from this study.
This population-based study showed that almost one of seven lymphoma diagnoses was changed by the expert panel. The discordance rate of cases not actively referred to the panel was not lower as compared to cases actively referred. This indicates that pathologists did not actively refer a subset of cases that were difficult to diagnose which presumably would have resulted in a higher discordance rate by referral bias. No effect of a discordant diagnosis on survival was observed, probably due to the fact that discrepant cases were a different group compared to concordant cases. Further research is necessary to study the impact of referral and timeliness on survival of specific lymphoma subtypes. From this study, it can be concluded that a panel of expert pathologists results in improved classification of lymphomas.
